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Motivation

e Many small open economies follow more eclectic approaches than textbook
inflation targeting
= But the eclectic approach lacks a framework

e Goal is provide a framework to guide the optimal use of central bank tools:
e Monetary policy and exchange rate flexibility
e Capital controls
e FX intervention
e Macroprudential policies
e Build an integrated model with multiple externalities and ask:
e How do the entire range of policies and externalities interact?
e How do the tradeoffs change when policies are used in combinations?

e How should countries optimally use these policies?
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Preview of results

@ Prudential capital controls depend on pricing paradigm

e Capital controls optimal for lower initial debt under dominant currency pricing

® Trilemma and dilemma: Capital controls and FX intervention enhance
monetary autonomy if FX markets are shallow

©® Emerging market conundrum: Limits on currency mismatches can make FX
markets shallower

O Depreciations relax housing constraint but tighten external FX constraints
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Environment

e Policy tools: policy rate, capital controls, FX intervention, consumer and
housing macroprudential taxes

e Sectors: households, tradable goods firms, housing firms, domestic banks,
international financial intermediaries

Ex ante policies Ex post policies

t=0 t=1 t=2

Price-setting decision Shock realized
Borrowing constraints



Households

e Cole and Obstfeld (1991)
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max EoZﬁt [aH log Crt + ar log Crt + ag log Cre — Nt]
t=0

e Budget constraint:
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Tradable goods firms

e Gali and Monacelli (2005), Gopinath et al. (2020)

Yie () + Yxe () = AcNe ()

= (%2) e waven=(52) xe

home consumption exports
* *
* pcp _ E:Pr pcp _ Pre
Yxt = wpxtC; where py;,” = —— and px; =
Py Px

o PCP: Set Py

e DCP: Set Py and Px = Px (Pu,{Cr:},{E:})



External constraint and capital controls

Domestic Financial World capital

L ——

banks intermediaries markets

Households



External constraint and capital controls

Capital
controls
Domestic . Financial World capital
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banks - intermediaries markets
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/ Macroprudential
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Domestic banks

e Mendoza (2010), Jeanne and Korinek (2010), Bianchi (2011), Farhi and Werning
(2016)

e External constraint:

D> = Duro 4+ Dro < kH1Pu and pr > ¢

P
= B, < KHI?I:

e Financial intermediaries receive (1 — ¢;) (1 + i:) from banks



Intermediation friction and FX intervention
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Intermediation friction and FX intervention

FX intervention

Capital
controls
Domestic . Financial World capital
¢ u . ..
banks - intermediaries markets

e

/ Macroprudential

measures

Households
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Financial intermediaries

e Gabaix and Maggiori (2015)

E:

r(Bt+1 + FXIt — St) = ]Et[(]. — L,Qt) (1 =+ It) E
t+1

-1 +i)]

Me+1

e )\ € [0,1] of them are owned by domestic households = currency mismatch



Fire sales and housing regulation

FX intervention

Capital
controls
Domestic . Financial World capital
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banks - intermediaries markets
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Fire sales and housing regulation

FX intervention

Capital
controls
Domestic . Financial World capital
¢ u . ..
banks - intermediaries markets

VAN

/ Macroprudential N

Households

measures

Housing

sector
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Housing firms

Kiyotaki and Moore (1997)

FOC of linear subsector:

Et [Pres1 + qera]
[+ o) (Lt o)

> q:

Linear Linear
Dro™ < ki1quily

FOC of concave subsector:

G (Lg.‘oncave) E: [PRtJrl] + E; [qt+1] o
(14 pe) B

Market clearing: [ Linear 4 Ltc"””"e =1and Cg = ,%t”ff’ +

q:

Concave
Rt+1



Social planner’s problem

Characterize constrained efficient allocations

2 * *

max Eo |8V (cm i FRZ’WL%""?’)
{ CresPu.Eeomesn Pt L } P H o Fst

Pricing paradigm: P, = 2 if PCP; Py, = Px ({Cri}, {E:}, Pw) if DCP

Resource constraint:

(14 i) By < 3 PRlOG = Gt PiZi — (1 X) Xl e — (11 i)
— 0
R Ny [A(1+ir,) + (1= A)nd]

t=0

Housing firms’ borrowing constraint: By < /iqu?LllLfi”E‘a’

Domestic banks’ borrowing constraint: By < HH1%

Intermediary friction: T (Bep1 + FXle — S¢) = E¢ [9e1 — (1 + )]



Wedges and externalities

Optimal policies depend on the following wedges:
C o % o
AD wedge = (CTZ - A%) UIP wedge = [1: — (1 + i;_1)] Tffn
TOT wedge = —pxe &L Housing wedge = [1 -G (1 — Lﬁ’_”ﬁa'ﬂ 2R

af At CRre

AD externality: households do not internalize impact of decisions on AD

Pecuniary AD externality: households do not internalize impact on bank constraint

TOT externality: tradable goods firms do not take into account that pricing
decisions affect economy's position on export demand schedule

Financial TOT externality: households do not internalize that their borrowing
decisions impact the premium that the economy as a whole needs to pay

Pecuniary production externality: housing firms do not internalize the effects of
their production decisions on land prices
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How do capital controls vary with the pricing paradigm?
Farhi and Werning (2016) meet Gopinath et al. (2020)

e For illustration, turn off housing sector and intermediary friction

e Ex ante capital controls are related to the ex post external constraint, which binds
after large depreciations

Pltl [CFl - wcl*] - PZZl

net imports PH

- .\ E < —

AL D) BN —p0)(1+0) 2B [~ E
N——— E

"FX" repayments

B, =

domestic currency repayments

e So answer depends on exchange rate volatility for PCP versus DCP



How do capital controls vary with the pricing paradigm?
Farhi and Werning (2016) meet Gopinath et al. (2020)

DCP economy has more volatile exchange rates after shocks which alter imports.

e Consider a permanent commodity price decline = permanently lower Cry

E\P; LEP}

PCP: aH Z1lR Cr1 —anAr + wC1 17F1 =0
aF PH PH
— —

import substitution export substitution
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How do capital controls vary with the pricing paradigm?
Farhi and Werning (2016) meet Gopinath et al. (2020)

DCP economy has more volatile exchange rates after shocks which alter imports.

o Consider a permanent commodity price decline = permanently lower Cry

aH E1P;_51

Ei PE

PCP: Cri—anAr+ wC —2 =0

ar Pn Py

import substitution export substitution

* *

aH El P, E1 P, 2
DCP: — —FlCp—apA+wC —0C =0

ar Py P

import substitution price setting

e |n steady state, final terms take same value in PCP and DCP

e DCP price setting term becomes lower after shocks which reduce Cr;



How do capital controls vary with the pricing paradigm?
Farhi and Werning (2016) meet Gopinath et al. (2020)

Ex ante capital controls are optimal for lower initial FX debt under DCP than
PCP.

After adverse commodity price shocks, exchange rate depreciates more under DCP

e Bank constraint may bind under DCP but not PCP

ay E1PE P,
AL Cr —apAr + DCP term + Wpikpm — =0
ar Py N——— E:
S—— price setting N——

import substitution internalize constraint

Internalize the constraint = Depreciate less = Lower AD at t =1

To shift AD from t =0 to t = 1, planner imposes ex ante capital controls
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Does exchange rate flexibility deliver monetary autonomy?
Gabaix and Maggiori (2016) meet Rey (2013)

e Trilemma versus dilemma:

e Policy rate is technically free

e But do external shocks move policy rate from price-stabilizing level?

o Deep FX markets (I' = 0): UIP wedge is zero

e Policy rate balances AD and TOT wedges

e Shallow FX markets (I' > 0): external shocks destabilize UIP wedge
e Policy rate addresses UIP wedge, cannot easily balance AD and TOT wedges

e Ex post capital controls become optimal
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Does exchange rate flexibility deliver monetary autonomy?
Gabaix and Maggiori (2016) meet Rey (2013)

Financial TOT externality generates a rationale for ex post capital controls.

e For illustration, turn off borrowing constraint, turn on intermediation friction
e Consider a decline in the foreign appetite for domestic currency debt, S; < 0

e Consumption FOC, keeping resource constraint fixed:

aF aH Ch1
Deep: I [1+—(1——)}:¢
eep 6 0 P;_fl C/:l oF OH !
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Does exchange rate flexibility deliver monetary autonomy?

Gabaix and Maggiori (2016) meet Rey (2013)

Financial TOT externality generates a rationale for ex post capital controls.

e For illustration, turn off borrowing constraint, turn on intermediation friction
o Consider a decline in the foreign appetite for domestic currency debt, S; < 0

e Consumption FOC, keeping resource constraint fixed:

Deep: Blo *aF {1 + o (1 — @)} =,
Pz Cr1 aF ay

Shallow:  Bly——" [1 Lo (1 . @)} - o
Pt Cr aF ay ——
financial TOT externality

e Q23 < 0= Role for capital inflow subsidies
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Does exchange rate flexibility deliver monetary autonomy?
Gabaix and Maggiori (2016) meet Rey (2013)

Ex post FXI and capital controls should be used together. They reduce the
response of the policy rate to foreign appetite shocks.

FXI can fully absorb the shock: T'(B> + FXh — S1) = — (1 + if)
—

=0

But only partial offset is optimal (Fanelli and Straub, 2019; Cavallino, 2019)

q)l ok
F for FXIy: rQ =——(1- —(1
OC for i 1 Il ( A)[n2 = (1 +i7)]

relax constraint
change in carry profits

Which establishes the sign: T =T(1 - \)22 <0

Tl 2

Integrated model reveals that capital controls should be used alongside FXI
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Conclusion

@ Prudential capital controls depend on pricing paradigm

e Capital controls optimal for lower initial debt under dominant currency pricing

® Trilemma and dilemma: Capital controls and FX intervention enhance
monetary autonomy if FX markets are shallow

©® Emerging market conundrum: Limits on currency mismatches can make FX
markets shallower

O Depreciations relax housing constraint but tighten external FX constraints
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Can a ban on open FX positions have negative side effects?

Emerging market conundrum

e Emerging markets may have:

o Less frequent episodes of external FX debt constraints

e But more frequent use of FXI| to mitigate transmission of foreign investor
sentiment into domestic currency debt market

27



Can a ban on open FX positions have negative side effects?

Emerging market conundrum

A ban on open FX positions reduces currency mismatch, vulnerability to external
constraints, and the case for any other prudential capital controls.

e Ban domestic-owned intermediaries from borrowing in FX:

P;l [CFl —WC1*] - lezl

net imports
B, = . L E < rp P
2 A+ ) B+ 1 -N(1—wo)(1+i) =B (= "MF
——— E

"FX" repayments

domestic currency repayments
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Can a ban on open FX positions have negative side effects?

Emerging market conundrum

A ban on open FX positions reduces currency mismatch, vulnerability to external
constraints, and the case for any other prudential capital controls.

e Ban domestic-owned intermediaries from borrowing in FX:

P;_il [CFl - wCl*] - P;lzl

net imports E < PH
- I-p)1+0) 2B (=&
1

B, =

domestic currency repayments

o Depreciate away FX value of inherited debt = No pecuniary AD externality
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Can a ban on open FX positions have negative side effects?

Emerging market conundrum

A ban on open FX positions reduces FX market depth, increases vulnerability
to foreign appetite shocks, and necessitates ex post FXI.

® The domestic-owned intermediaries no longer respond to higher UIP premia by

borrowing more in FX and lending more in domestic currency:

[ (Bes1 + FXIe — Se) = Ee[ness — (1 + i)
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Can a ban on open FX positions have negative side effects?

Emerging market conundrum

A ban on open FX positions reduces FX market depth, increases vulnerability
to foreign appetite shocks, and necessitates ex post FXI.

® The domestic-owned intermediaries no longer respond to higher UIP premia by
borrowing more in FX and lending more in domestic currency:

r 3k
FY (Bes1 + FXIe = S¢) = Ee[nesa — (14 i)

e Foreign appetite shocks destabilize UIP wedges and macro allocations more
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How do housing fire sales interact with external constraint?
Kiyotaki and Moore (1997) meet Farhi and Werning (2016)

Housing constraint is relaxed by policy rate reduction and exchange rate depre-
ciation.

e Housing constraint in domestic currency:

DLinear _ { (1 + po) [(1 + p,l) Dklgear - PROLfl}
R2 -

<k L
+qo (Lo — L-1) — Prilo — q1 (Lo — L1) }_ g1l

OéREtP;_ttCFt
arf [Li—1+ G (1 — Li—1)]

G' (1 - L1) Pro + E2Q>

where Pr; = T+

and g1 =
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How do housing fire sales interact with external constraint?
Kiyotaki and Moore (1997) meet Farhi and Werning (2016)

Ex ante capital controls are additionally justified if housing constraint binds ex
post and initial FX debt is high.

e Bank constraint may bind because of additional depreciation:

« E1PF
Cr1 —apAr + wC1 st @CE—l
afF Py Pr

0= anEPh

import substitution price setting
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How do housing fire sales interact with external constraint?
Kiyotaki and Moore (1997) meet Farhi and Werning (2016)

Ex ante capital controls are additionally justified if housing constraint binds ex
post and initial FX debt is high.

e Bank constraint may bind because of additional depreciation:

* *
aH E1 P, E1 P, 2
0= 77’516}31 —apA; +wC1* FIG)CH
afF Py Pr
import substitution price setting

—WRpA1OR [(1 +i*y) Bry*" — Prol_1

relax housing constraint
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How do housing fire sales interact with external constraint?
Kiyotaki and Moore (1997) meet Farhi and Werning (2016)

Ex ante capital controls are additionally justified if housing constraint binds ex
post and initial FX debt is high.

e Bank constraint may bind because of additional depreciation:

OZ%EPE

E *
Cr1 —apAr + wCi iga

OCc?
aF Py H F1

import substitution price setting

—WRpA1OR [(1 +i*y) Bry*" — Prol_1

relax housing constraint

Py
v A
+ B1KH1 E

internalize external constraint
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Conclusion

@ Prudential capital controls depend on pricing paradigm

e Capital controls optimal for lower initial debt under dominant currency pricing

® Trilemma and dilemma: Capital controls and FX intervention enhance
monetary autonomy if FX markets are shallow

©® Emerging market conundrum: Limits on currency mismatches can make FX
markets shallower

O Depreciations relax housing constraint but tighten external FX constraints
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Financial intermediaries: optimization

e Gabaix and Maggiori (2015)

max ( ) qgl t {(1 — @) (L + i)

E: -
— (14 }
+ 1, Ei1 ( 0)
q:+1 [

1
(1+7)

E;
ey —e) (L) g~ (L)) =

e Arbitrage limit:

Qr+1
E;

— %Et {(1 — o) (L+ i) EEf -1+ i?)}

e Market clearing:

D, .y E
r ( tl + FX/t - St) = ]Et[(]. - \,Dt) (1 + It)
E; E

Me+1

"(

qi+1
E:

-1+

y
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Housing firms: optimization

o Kiyotaki and Moore (1997)

max E¢[Pre+1 Ylé’(tJrl + qH»lLf 1- (1 + 9,‘}(?:) (1+pt) Qth
—_— N — ~—

output resale value purchase

vk _ Lk for k = Linear
Rest = G (L’{) for k = Concave

D’L?i2near :(1 + 0’L?i6reaf) (1 + po)'D,L?ifear + qlLiin‘ear
_ [PRI Ylé:llnear +q Lémear] _ Tleear < Ku1qu1 L%mear

} where G’ > 0,G" < 0,G'(0) =1

e FOCs:
E: [Pret1 + qeia]

(1 4 efL?itnear) (1 +pt)
G (Lgfoncave) E. [PRtJrl] + E; [qt+1] o
(1+ pe) B

> qr

q:

o Market clearing: LE™ 4 Lo — 1 and Cre = YpI5" + Y5205



e N\o=1, A1 =

o PCP:

e DCP:

PCP and DCP price setting

1 E _ 1K
(1+i7) Eg’ and Az = (+i)(1+i7) Eg

2

maxlEozf\r [Pr () (Yae () + Yxe () — (1 + ¢) We: (/)]

t=0

Eo |:2At A YHt + YXt):|

t=0

Pu=(1+0) =

1 2
Eo [ZAt (Y + YXt):|
t=0

max Eo [Zm [Put) — 1+ 0) 7] Vi (ﬂ;ﬁ”) 1

t=0

e[ s (59)

t=0
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More on DCP price setting

Price setting equations:

2
Eo {Z/\t% Yhe Eo {
) € €

Pi=(1+4¢

t=0

2
Z/\z% Yxr}

S el
< and Px = (1 + ¢)
=t Eo {22:/\: YHt:| ©

t=0

Depreciation raises wages and domestic price of exports
Py increases relative to Px = Px falls relative to normalized Py

Wi = J-E1PF; Cr1 = Strength of effect depends on Cr1

— 2
Eo |:ZAtEt Yxe

t=0

|
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Even more on DCP price setting

e In equilibrium, Yx _"‘JP £GP, Yie = Cre = 2855 E:P Ft Cre, and W, = %
2 2
Eo | Y A%t Y| Eo [DAeYie
=0 t=0 X1 X3
= Px =Py 5 > = X2 X
4
Eo [Z/\tEt YXt:| Eo [Z:/\rl:‘vtr YHt:|
t=0 t=0
where we define:
2 1 1 2 2
X1 =E ———~+ (P£&) C'C X3 =E 7P C
P e L G IR e e Y
2 2
X, =Eo | Y. —FA—PrC } Xo =Eo [zl L (E.P} cﬁ)ﬂ
=05 1(1+Is 1) ' t—om; 1(1+I5 1) A ‘
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FOCs in wedges (1)

e Exchange rate:

QHTHt =
~——

Stabilize demand for home goods

PCP * ap _PCP
—I . {th aTXt }

2
_I[DCP . {]EO |:1205th; Z‘ZT)%CP]

1 E
Btme Px

(

_ 0Px
OE;

)

Vg

Optimize TOT on export goods

Pu

+5t (1+ir,) TR

Relax bank constraint

e FX intervention:

rQ. +(1—,\)Et[
~—

Lower premium today

.
®ei1+ Va1 P Creet
Tre+1

t
ﬂszo /5 aF

+(1 = A)TE, {Qm

Change in carry cost

P,:»:t+1 CFt+1 o
———Tre41| =0

aF

Change in premium tomorrow

(1)

)
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FOCs in wedges (2)

e UIP wedge:
b1 4+ VUpin
Q =(1-)\N)—(B FXI
t ( ) e/, (B + t

Ability to borrow more today

Higher repayments tomorrow Contingency check

+ (1= N Qeial (Bes1 + FXIt) (3)

Higher premium tomorrow owing to rollover needs

e Consumption:

QaF aH o¢P. X aF pce| 1 1 1 OPx
14 2 aF - =
Pr.Cre [ + ar THt:| { lZB wC; TXt ]

Btme P, Px OCr

=g (2020 gy [1+%m JHe i (2 o,
P;, 1 Creit ’ ar " Bl—y '\ B

P;r+1CFr+1 1 i 8PX
Bimesa P;_le Px 0Crey1

] (T4+if) 4+ (1 —2) —52—

F
_ PcP. lzﬁ C*E )%CP

(4) & -



e Land usage:

BTrR1
~—~

Minimize housing distortion

BTr2
~—

Minimize housing distortion

Eo

FOCs in wedges (3)

(Xlao — Pr1 —

al)

Hedging motive

Wr1 3( a
X190 ) Linear Linear
+ aLéinear (Lo - L*]- )

6 P R1 Linear
Linear 0
oLk

Effect on period-0 land price

~ oL}
Veigi (1 — ki) + WRI% ((1 -
8L11near

Effect on rent

(5)

Linear Linear
Kia) L™ — L")

Housing constraint

Tightening of constraint

1 0 (Xlao) Linear Linear
—Eo |Wri———= (L - L 6
+7T1 0 R1 aLimear,s ( 0 1 ) ( )

Effect on period-0 land price
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